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却器、设计了磷酸铁锂蓄电池的特殊充电电路、设计了 DC-DC 稳压变换电路； 























With the continuous development of the Electric Power Industry, the Grid 
voltage level is rising. Voltage, current measurement requirements are constantly 
improved, Traditional Electro-magnetic transformer can't satisfy the Grid voltage 
rising. At present Electronic(optical-electronic) transformer becomes one of hot topics 
of the high voltage grid and high current measurement, Active optical-electronic 
current transformer is the typical representative of the new transformer research. 
Energy supply is one of the key components of active optical-electronic current 
transformers. At present, the main research of energy supply includes: Voltage bus bar 
powered; Laser source powered; Battery powered; Ultrasonic powered and so on. 
In this thesis, based on the theory research of optical-electronic transformer, the 
above all kinds of energy methods are analyzed. The laser and solar hybrid powered 
method is put forward and designed, the mind of which is to combine power 
collection by solar energy battery panel with power transmitted by laser and realize 
constant power output, build a energy supply device, complete the system tests. 
Complete the following: 
1. Presented a system of hybrid powered energy, which uses laser and solar 
panels as energy source; 
2. The overall design of the system, choose types of lasers, batteries, optical fiber 
units, etc; 
3. Comparison and selection of laser and fiber coupling method, comparison and 
selection of semiconductor lasers cooler, design the battery lithium iron phosphate 
special charging circuit, design DC-DC voltage transform circuit; 
4. Using Ansys for semiconductor laser thermoelectric cooler thermoelectric 
analysis, ansys simulation results show that the thermoelectric cooler has good 
cooling effect; 















System testing analysis shows that the output voltage satisfies the requirements 
of the powering side voltage. Finally summarize the full text, draw some useful 
conclusions, and put forward some further research ideas. 


















第一章  绪论 ...........................................................................................................1 
1.1  课题背景及研究光电电流互感器的意义.......................................................1 
1.1.1  课题背景 ....................................................................................................1 
1.1.2  光电互感器的优点 ....................................................................................1 
1.2  课题来源及主要内容 .......................................................................................4 
1.2.1  电力互感器的发展方向.............................................................................4 
1.2.2  国家政策 ....................................................................................................4 
1.2.3  市场前景 ....................................................................................................5 
1.2.4  国外发展状况 ............................................................................................5 
1.2.5  国内发展状况 ............................................................................................7 
1.2.6  存在的主要问题.........................................................................................7 
1.3  有源光电电流互感器供能方式及其现状.......................................................8 
1.3.1  线圈从母线取电供能方式 ........................................................................8 
1.3.2  高压电容分压取能 ....................................................................................9 
1.3.3  激光供能 ....................................................................................................9 
1.3.4  超声电源供能 ............................................................................................9 
1.4  本论文主要研究内容 .....................................................................................10 
第二章  光电电流互感器的基本原理...........................................................11 
2.1  无源式光电电流流互感器 .............................................................................11 
2.1.1  法拉第磁光效应 ......................................................................................11 
2.1.2  磁光玻璃法 ..............................................................................................12 
2.1.3  全光纤电流互感器 ..................................................................................13 
2.2  有源式光电电流互感器 .................................................................................15 
2.2.1  罗戈夫斯基线圈.......................................................................................16 
2.3  本章小结 .........................................................................................................17 















3.1  系统供能电源设计原理.....................................................................................18 
3.2  光电电流互感器各种供能方式.....................................................................19 
3.2.1  用线圈从母线取电的供能方式 ..............................................................19 
3.2.2  高压电容分压器的供电方式 ..................................................................20 
3.2.3  激光供能方式 ..........................................................................................21 
3.2.4  太阳能电池供电 ......................................................................................22 
3.2.5  蓄电池供能方式 ......................................................................................23 
3.2.6  超声电源供能方式 ..................................................................................23 
3.2.7  其他供能方式...........................................................................................24 
3.3  本论文供能方案的选择 .................................................................................24 
3.4  本章小结 .........................................................................................................25 
第四章  激光和太阳能混合式供能方案设计 ............................................26 
4.1  激光和太阳能混合式供能整体结构.............................................................26 
4.2  激光和太阳能混合式供能方案设计难点.....................................................26 
4.3 激光光源部分 ...................................................................................................27 
4.3.1  半导体激光器的发光机理.......................................................................28 
4.3.2  激光二极管驱动电路 ..............................................................................29 
4.3.3  激光器的温控电路 ..................................................................................32 
4.3.4  热电冷却器制冷机理 ..............................................................................32 
4.4  光纤耦合 .........................................................................................................33 
4.4.1  半导体激光器与光纤耦合原理 ..............................................................34 
4.4.2  半导体激光器与光纤的耦合方式 ..........................................................35 
4.4.3  本文选择的半导体激光器与光纤耦合方式 ..........................................38 
4.5  光电转换器的选择 .........................................................................................38 
4.5.1  光电池工作原理 ......................................................................................38 
4.5.2  本文选择的光电池 ..................................................................................39 
4.6  太阳能电池板 .................................................................................................40 















4.7.1  磷酸铁锂电池的结构和工作原理 ..........................................................42 
4.7.2  磷酸铁锂电池的性能与特点 ..................................................................43 
4.7.3  本文选择的蓄电池...................................................................................44 
4.8  充电电路设计 .................................................................................................45 
4.8.1  磷酸铁锂蓄电池充电特性.......................................................................45 
4.8.2  磷酸铁锂蓄电池充电电路板的设计 ......................................................45 
4.9  DC-DC 稳压变换电路 ...................................................................................47 
4.10 本章小结 .........................................................................................................48 
第五章  基于 ANSYS 有限元仿真和实验结果 .........................................49 
5.1  ANSYS 软件介绍 ...........................................................................................49 
5.2  半导体激光器热电冷却器 ANSYS 仿真......................................................52 
5.2.1  前处理 ......................................................................................................52 
5.2.2  求解 ..........................................................................................................54 
5.2.3  后处理 ......................................................................................................55 
5.3  系统实验结果 .................................................................................................56 
5.3.1  电压稳定度测试 ......................................................................................57 
5.3.2  输出电压纹波分析 ..................................................................................58 
5.3.3  实验结论 ..................................................................................................67 
5.4  本章小结 .........................................................................................................68 
第六章  总结及展望 ...........................................................................................69 
6.1  总结 .................................................................................................................69 





















Chapter 1  Introduction .....................................................................................1 
1.1  Topic backgroud and research optical-electronic current transformer ....1 
1.1.1  Topic backgroud .........................................................................................1 
1.1.2  The advantages of optical-electronic current transformer ..........................1 
1.2  Topic source and its main content..................................................................4 
1.2.1  The development direction of power transformer ......................................4 
1.2.2  National policy............................................................................................4 
1.2.3  Market prospect ..........................................................................................5 
1.2.4  International situation in this field ..............................................................5 
1.2.5  Domestic situation in this field ...................................................................7 
1.2.6  The main existing problems........................................................................7 
1.3  Active optical-electronic current transformer energy supply modes and 
the status....................................................................................................................8 
1.3.1  Bus bar powered .........................................................................................8 
1.3.2  High voltage capacitance bleeder power supply mode...............................9 
1.3.3  Laser power supply .....................................................................................9 
1.3.4  Ultrasonic power source...............................................................................9 
1.4  The main research works..............................................................................10 
Chapter 2  The basic theory of OCT ...........................................................11 
2.1  Passive optical-electronic current transformer ..........................................12 
2.1.1  Faraday magneto-optic effect ...................................................................13 
2.1.2  Magneto-optic glass method .....................................................................10 
2.1.3  All fiber optical-electronic current transformer ........................................11 
2.2  Active optical-electronic current transformer............................................15 
2.2.1  Rogowski coil ...........................................................................................16 
2.3  Chapter summary..........................................................................................17 
Chapter 3  Methods of energy supply of OCT.........................................18 















3.2  Methods of energy supply of OCT...............................................................19 
3.2.1  Take energy from busbar with coil ...........................................................19 
3.2.2  High voltage capacitance bleeder power supply mode.............................20 
3.2.3  Laser power supply ...................................................................................21 
3.2.4  Solar batteries power supply .....................................................................22 
3.2.5  Battery power supply ................................................................................23 
3.2.6  Ultrasonic power source mode..................................................................23 
3.2.7  Other power supply...................................................................................24 
3.3  Power supply way selecting ..........................................................................24 
3.4  Chapter summary..........................................................................................25 
Chapter 4  Design of laser and solar hybrid power supply .................26 
4.1  Structure of laser and solar hybrid power supply ......................................26 
4.2  Difficulties in laser and solar hybrid power supply....................................26 
4.3  Laser light source ..........................................................................................27 
4.3.1  Semiconductor laser emitting mechanism ................................................28 
4.3.2  Laser diode drive circuit ...........................................................................29 
4.3.3  The laser temperature control circuit ........................................................32 
4.3.4  Thermoelectric cooler refrigeration mechanism .......................................32 
4.4  Fiber coupling ................................................................................................33 
4.4.1  Coupling principle of semiconductor laser and fiber................................34 
4.4.2  Coupling methods of semiconductor laser and fiber ................................35 
4.4.3  Semiconductor laser and fiber coupling method selection .......................38 
4.5  Photoelectric converter selection .................................................................38 
4.5.1  Photocell mechanism ................................................................................38 
4.5.2  Photocell selection ....................................................................................39 
4.6  Solar panels ....................................................................................................40 
4.7  Lithium iron phosphate battery operating mechanism and structure.....41 
4.7.1  Lithium iron phosphate battery operating mechanism and structure........42 
4.7.2  Lithium iron phosphate battery performance features ..............................43 
4.7.3  Lithium iron phosphate battery selection..................................................44 















4.8.1  Charging characteristics of lithium iron phosphate battery ......................45 
4.8.2  Charging circuit board design ...................................................................45 
4.9  DC-DC voltage transform circuit ................................................................47 
4.10 Chapter summary...........................................................................................48 
Chapter 5  Finite Element Analysis of thermoelectric cooler .............49 
5.1  Introduction of ANSYS .................................................................................49 
5.2  simulation of moelectric cooler with ANSYS.................................................52 
5.2.1  Preprocessor ..............................................................................................52 
5.2.2  Solution .....................................................................................................54 
5.2.3  General postprocessing .............................................................................55 
5.3  System Experiment........................................................................................56 
5.3.1  Voltage stability testing ................................................................................57 
5.3.2  Output voltage ripple analysis .......................................................................59 
5.3.3  Conclusion of the experiment........................................................................67 
5.4  Chapter summary..........................................................................................68 
Chapter 6  Conclusions and Prospects........................................................69 
6.1  Conclusions ....................................................................................................69 


















第一章  绪论 
1.1  课题背景及研究光电电流互感器的意义 







































图 1.1  光电电流互感器实物图 
光电电流互感器(Optical Current Transformer，简称 OCT)按传感器部分是否




表 1.1  光电电流互感器与传统的电磁式互感器比较 





价格，成本（目前） 相对较高 相对较低 
运行经验 短，少量 长，大量 
频率响应范围 宽 窄 
测量精度 相对高 相对低 
信号传输介质 光纤 铜导线 
有无铁心 无 有 
抗电磁干扰性能 好 较差 

























































1.2  课题背景及主要研究内容 







1.2.2  国家政策 
国家电网对电力电网的智能化发展也提出了一个长远的规划，2009 年 5 月
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